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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] The galvanized steel sheet which sets surface roughness to 0.8 micrometers or more by center 
line average-of-roughness-height Ra, and is characterized by excelling in press-forming nature. 
[Claim 2] Furthermore, said front face is a galvanized steel sheet according to claim 1 characterized by 
the value of the peak count PPI being 1 50 or more. 

[Claim 3] furthermore, said front face - a wave filtration center line - the galvanized steel sheet 
according to claim 1 or 2 characterized by the value of a wave Wca being 0.8 micrometers or less. 
[Claim 4] It is [ claim 1 characterized by a plating coat being a zinc coat which has not performed 
alloying processing thru/or ] a galvanized steel sheet given in any 1 term among 3 . 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 

3 .In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the galvanized steel sheet used for road transport 

department material, a structural member, etc. 

[0002] 

[Description of the Prior Art] The need including the member for automobiles . or a structural member 
tends to expand a galvanized steel sheet increasingly. In recent years, the number of sheets per unit time 
amount which can be fabricated increases by improvement in the workability ability of a press-working- 
of-sheet-metal machine, and, thereby, the productivity of press working of sheet metal is improving. 
[0003] However, if shaping is continuously repeated using the press-working-of-sheet-metal machine of 
such high performance, in spite of using the same ingredient, the moldability of an ingredient changed 
with the passage of time, faults, such as a press crack and die galling, occurred, and the problem that 
continuing stably becomes difficult has actualized fabrication. 

[0004] That such a problem arises originates in following on repeating a high speed and continuous 
shaping, and the temperature of press metal mold rising. That is, at a press-forming process, an activity 
new field is exposed to a galvanized steel sheet front face with contact and sliding with metal mold. 
Since reactivity is high, this new field will become easy to produce an adhesion reaction in the contact 
surface of metal mold and a new field, if the temperature of metal mold rises. Die galling is produced, 
while coefficient of friction between a galvanized steel sheet and metal mold will increase rapidly and 
will repeat processing, if an adhesion reaction begins to arise. 

[0005] As die-galling preventive measures, various proposals are made from the former. As one of them, 
there is the approach of applying the oil coolant of water solubility whenever it carries out press 
forming, and cooling metal mold. However, by this conventional approach, an oil coolant disperses 
around and there is a problem that work environment gets worse. 

[0006] If the lubricating oil which contained the extreme-pressure additive instead of the water-soluble 
above-mentioned oil coolant is used, the temperature of metal mold can be dropped effectively, without 
dispersing an oil coolant. However, cleaning cost increases the press-forming article to which such a 
lubricating oil adhered. 

[0007] Moreover, by dividing a single press-forming process into two or more processes, and reducing 
the amount of processings per process, calorific value is reduced and there is the approach of controlling 
the golden temperature rise of die. However, by this approach, since metal mold is needed for every 
divided forming cycle, the number of metal mold to produce increases. Moreover, since a shaping 
duration increases when a forming cycle increases, productivity falls. 
[0008] 

[Problem(s) to be Solved by the Invention] From such a situation, the proposal which controls die 
galling resulting from the golden temperature rise of die is made by controlling the surface type voice of 
a galvanized steel sheet recently. For example, after controlling gestalten, such as the number of the 
crevices on the front face of cold rolled sheet steel, magnitude, and distribution, the zinc system plating 



http ://www4 . ipdl .ncipi . go j p/cgi-bin/tran_web_cgi_ej j e 6/18/05 



JP,2002-004019,A [DETAILED DESCRIPTION] 



Page 2 of 5 



steel plate which comes to cover the plating layer of a zinc system on a cold-rolled-sheet-steel front face 
is indicated by JP,6-87002,A. In order to control to fulfill the convention indicated by the above- 
mentioned official report in the surface type voice of cold rolled sheet steel, it is necessary to use the 
reduction roll which has the front face in which the dull pattern according to this convention was 
formed. 

[0009] however -- for forming such a dull pattern - the usual shot dull ***♦**-- processing depended 
dully — difficult — laser dull ************— processing depended dully is substantially considered to 
be indispensable. Thus, since cost starts controlling the surface type voice of a reduction roll sharply, 
there is a possibility of causing the rise of the manufacturing cost of a zinc system plating steel plate. 
[0010] This invention is made in view of the above-mentioned situation, and the place made into the 
purpose is to offer the galvanized steel sheet excellent in press-forming nature (continuation RBI 
nature). 
[0011] 

[Means for Solving the Problem] When this invention persons changed various this value paying 
attention to the value of c enter line average-of-roughness-height Ra on the front face of a galvanized 
steel sheet that the above-mentioned technical problem should be solved and investigated in the detail 
per temperature dependence of coefficient of friction, they acquired the knowledge expressed below. 
[0012] Drawing 1 is the characteristic ray Fig. showing the result which took center line average-of- 
roughness-height Ra (micrometer) along the axis of abscissa, took the value of coefficient of friction 
along the axis of ordinate, and was investigated about the relation between Ra value of the front face of 
a galvanized steel sheet, and a coefficient-of-friction value. A bove-mentioned center line averag e-of- 
roughness-hei ght Ra is JIS. B It is specified to 0610 an d is a cut-off 0.8mm value. The curve obtained 
from the distribution condition of the black dot in drawing is a characteristic ray which shows a result in 
case temperature is 100 degrees C. Moreover, the white round head in drawing shows the result under a 
room temperature, as for the coefficient-of-friction value in 100 degrees C, Ra value has changed 
notably bordering on 0.8 micrometers to the coefficient-of-friction value under a room temperature 
being about 1 law irrespective of Ra value so that clearly from this drawing. And even if Ra value hardly 
deviated in a field 0.8 micrometers or more but metal mold carried out the temperature rise to the 
coefficient-of-friction value under a room temperature and the coefficient-of-friction value in 100 
degrees C having deviated [ Ra value ] sharply in the less than 0.8-micrometer field, it became clear that 
the rise of a coefficient-of-friction value was controlled. This invention is made based on this 
knowledge. 

[0013] The galvanized steel sheet concerning this invention sets surface roughness to 0.8 micrometers or 
more by center line average-of-roughness-height Ra, and is characterized by excelling in press-forming 
nature. Here, the property which is stabilized even if "press-forming nature" is the case where the 
temperature of metal mold rises by carrying out press forming of much mold goods-ed continuously, 
and can continue processing is said. The superiority or inferiority of press-forming nature are judged by 
the size of the difference of the coefficient-of-friction value under a room temperature, and the 
coefficient-of-friction value under an elevated temperature in more detail. That is, it will be excellent in 
press-forming nature that the temperature dependence of coefficient of friction is small. 
[0014] According to the galvanized steel sheet by this invention, the rise of the frictional resistance 
accompanying a temperature rise can be controlled. That is, if surface roughness of a galvanized steel 
sheet is made coarse to 0.8 micrometers or more with Ra value, the true touch area on the plating coat 
front face at the time of press forming and the front face of metal mold will decrease. For this reason, 
even if an adhesion reaction arises, the area of the part which the adhesion reaction produced is small. 
Therefore, even if a die temperature rises and an adhesion phenomenon happens, the coefficient-of- 
friction value between metal mold and a galvanized steel sheet can control going up rapidly. 
[0015] O n the other hand, when the value of center line average-of-roughness-height Ra is too large, 
there js a possibilit y that fa* imagp rlarity after paint mentioned later may hft^ipoii ed. This is taken In to 
con sideration and, as for Ra value, it is desirable that it is 2.0 micrometers or less. 
[0016J As for the front face of this plating steel plate, in the galvanized steel sheet whose above- 
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' mentioned center line average-of-roughness-height Ra is 0.8 micrometers or more, i t is desirable that the 
v alue of the peak count PPI is 150 or more further. Here, the peak count PPI is e rfis^h^ fry SAE91 1 
gnH^jji ^niirnhftr of ppakg nft he irreg ula rity per inch. A reason with desirable making this PPI value or 
more into 150 is explained belo w 

[0017] In a press-forming process, if a contact condition with the galvanized steel sheet which flows in 
in metal mold and metal mold is observed microscopically, the metal mold front face will touch the 
heights on the front face of a galvanized steel sheet, i.e., the heights of a galvanization coat front face. 
Here, contact to narrowing, the metal mold front face at the time of press forming, and heights and a 
non-contact repeat cycle become [ mutual spacing of the heights which adjoin each other by making 
high the PPI value on the front face of a galvanized steel sheet or more with 1 50 ] short. For this reason, 
since the next crevice moves while that adhesion is slight even if a certain heights produce a metal mold 
front face and an adhesion reaction, an adhesion reaction is interrupted and it is hard coming to go on 
more than it. Moreover, since the number of crevices increases by making a PPI value high as 
mentioned above, a lubricating oil can fully be spread over the whole front face of a plating steel plate, 
and it contributes to control of an adhesion reaction further. Furthermore, the Wca value later mentioned 
even if the wavelength of the cross-section curve of a plating steel plate front face becomes small and 
the value of Ra makes it high with 0.8 micrometers or more by making a PPI value high as mentioned 
above can be kept low, and it is desirable also from a viewpoint of the image clarity after paint. It is 
thought that this PPI value is difficult to adjust to 300 or more in a current manufacturing technology. 
For this reason, a PPI value is adjusted to less than 300 in the present condition. 
[0018] according to this invention — the front face of a galvanized steel sheet — further - a wave 
filtration center line — it is desirable that the value of a wave Wca is 0.8 micrometers or less. The wave 
filtration center line external waviness Wca is JIS. It is specified to B0610 and is a value (high region 
cut-off 0.8mm and low-pass cut-off 8mm) here. A reason with desirable setting this Wca value to 0.8 
micrometers or less is explained below. 

[0019] If the front face of a plating coat is generally made coarse, it is known that the front face of the 
paint film formed on the plating coat is inferior to image clarity. Since the image clarity of the 
galvanized steel sheet painted after press forming should be excelled, this invention persons inquired 
wholeheartedly, consequently, the granularity curve of the target short wavelength in center line 
average-of-roughness-height Ra — a wave filtration center line — the target long wave in a wave Wca — 
it found out depending for the image clarity after painting on merit's granularity curve strongly. And as a 
result of this invention persons' inquiring wholeheartedly, it became clear that the galvanized steel sheet 
whose value of Wca is 0.8 micrometers or less had the outstanding image clarity after paint. On the 
other hand, if the value of the wave filtration center line external waviness Wca is made low too much, it 
will become difficult to set the above-mentioned Ra value to 0.8 micrometers or more, this — taking into 
consideration — a wave filtration center line — as for the value of a wave Wca, it is desirable that it is 0.3 
micrometers or more. 

[0020] As for the plating coat of the galvanized steel sheet bv this invention, it is desirable that it is the 
galvanization coat which has not performed alloying processing. T he plating coat to which this reason 
lias not performed alloying processing is softer than the coat to which alloying progressed, and is 
because surface type-like control is easier. 

[0021] The galvanized steel sheet of this invention explained above can be prepared by carrying out skin 
pass rolling of the steel plate in which the galvanization was carried out by hot dip zincing, 
electrogalvanizing, etc. It can adjust to above-mentioned surface roughness by controlling rolling by the 
conditions which combined roll conditions, rolled bar affairs or these roll conditions, and a rolled bar 
affair in the case of this skin pass rolling. As a reduction roll used like a skin pass roll turner, a shot dull 
processing roll or a discharge dull processing roll can be used. Moreover, a laser dull processing roll and 
an electron beam dull processing roll may be used. In addition, the surface roughness of a galvanization 
coat may be made to be adjusted by adjusting the surface roughness of a plating negative. 
[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained. 
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[0023] (Example) Using Ti-IF (super-low carbon titanium addition) cold rolled sheet steel as a substrate 
steel plate, galyanization coating weight adjusted both sides of this cold rolled sheet steel so that it might 
become 60 g/m2, and it manufactured the hot-dip zinc-coated carbon steel sheet. Subsequently, skin 
pass rolling of this hot-dip zinc-coated carbon steel sheet was carried out. The plating steel plate 
adjusted to variously different surface roughness was obtained by changing various rolled bar affairs and 
roll conditions like the skin pass roll turner. 

[0024] each obtained galvanized steel sheet — a sensing-pin-type roughness meter - using - JIS B 0610 
— applying correspondingly — ce nter line average-of-roughness-height Ra and a wa ve filtration center 
line — the wave Wca was measured. Moreover, according to SAE91 1, the number of irregularity per 
inch per front face of a plating steel plate was measured. Furthermore, in order to evaluate press-forming 
nature (continuation RBI nature), coefficient of friction was measured by the trial explained below. 
[0025] (a) of drawing 2 is drawing in which, and showing it, and (b) of drawing 2 is drawing showing 
the configuration of jig 2b shown in (a). [ the situation of the trial which measures coefficient of 
friction ][**][ type ] As shown in (a) of drawing 2 , after setting the test piece 1 extracted from the 
galvanized steel sheet between jig 2a and 2b, spacing of jig 2a and 2b is narrowed and this test piece 1 is 
restrained from both sides. Jig 2b is a prismatic form whose cross section is 10mm by 13mm, and the 
test piece 1 and the end face which slides have become U character-like. This end face is making the 
curved surface with a radius of curvature of 5mm along the right-angled direction to that longitudinal 
direction of sliding, i.e., the direction mentioned later. 

[0026] Jig 2a and 2b are heated by the heating apparatus which is not illustrated. While heating jig 2a 
and 2b with this heating apparatus, Load N is made to act in the thickness direction of a test piece 1. 
Subsequently, a test piece 1 is drawn out and it draws out at a rate V. At this time, the drag force of the 
direction of drawing and hard flow is produced in a test piece 1 . The value of this drag force was 
measured, the measured value was **(ed) with the value of Load N, and the coefficient-of-friction value 
was calculated. In addition, 100 degrees C and the drawing rate V were considered [ the value of Load 
N ] for whenever [ 980Pa (lOOkgf), jig 2a, and stoving temperature / of 2b ] as a part for 500mm/here. 
Moreover, measurement of coefficient of friction when considering as as [ room temperature ], without 
heating jig 2a and 2b was also performed. 

[0027] Drawing 1 is the characteristic ray Fig. showing the result which took center line average-of- 
roughness-height Ra (micrometer) along the axis of abscissa, took the value of coefficient of friction 
along the axis of ordinate, and was investigated about the relation between Ra value of the front face of 
a galvanized steel sheet, and a coefficient-of-friction value. The curve obtained from the distribution 
condition of the black dot in drawing is a characteristic ray which shows a result in case temperature is 
100 degrees C. Moreover, the white round head in drawing shows the result under a room temperature. 
It became clear that the continuation RBI nature which the coefficient-of-friction value in 100 degrees C 
would hardly change to the coefficient-of-friction value under a room temperature, and was excellent 
from drawing when Ra value was 0.8 micrometers or more was shown. 

[0028] Drawing 2 is the characteristic ray Fig. in which taking center line average-of-roughness-height 
Ra (micrometer) along an axis of abscissa, taking coefficient of friction along an axis of ordinate, and 
showing the result of having investigated the relation between Ra value and a coefficient-of-friction 
value, about the galvanized steel sheet of the front face whose peak count PPI value is 150 or more, and 
the galvanized steel sheet of the front face which is less than 150. In addition, coefficient of friction 
taken along the axis of abscissa of this drawing is a value calculated when jig 2a and 2b which were 
explained by above-mentioned drawing 3 R> 3 are heated at 100 degrees C. The curve A obtained from 
the distribution condition of a black dot in drawing 2 is a characteristic ray with which a PPI value 
shows the result of or more 150 the galvanized steel sheet it is [ galvanized steel sheet ] 220 or less, and 
the curve B obtained from the distribution condition of a white round head is a characteristic ray with 
which a PPI value shows the result of or more 17 galvanized steel sheet it is [ galvanized steel sheet ] 
less than 150. 

[0029] As for drawing 2 to both the characteristic rays A and B, Ra value is falling sharply compared 
with the value of coefficient of friction to which a coefficient-of-friction value takes the value of 
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1 coefficient of friction which shows the remarkable transition to which it decreases and Ra value takes in 
a field 0.8 micrometers or more in a less than 0.8-micrometer field rapidly bordering on 0.8 
micrometers. If Ra value compares these characteristic rays A and B in a field 0;8 micrometers or more, 
the characteristic ray A will be shifted lower than a characteristic ray B. Therefore, it became clear that 
Ra value had the press-forming nature (continuation RBI nature) which the galvanized steel sheet of 1 50 
or more front faces excelled in 0.8 micrometers or more and a PPI value more from this drawing. 
[0030] next, image clarity » evaluating - hitting - center line average-of-roughness-height Ra - 0.8 
micrometers or more - it is -- various wave filtration center lines - a wave - the piece of a galvanized 
steel sheet blank test of the front face which takes a Wca value was extracted. And chemical conversion 
of each test piece was carried out using "PB-L3080" by Japan Park erizing incor porated comp any, 
s ubsequently, each coating of "EL-2000" by Kansai Pai njCo_ Ud., ''TP-3 71gr avV^ and M TM-13(R O" - 
- using hD painti ng - it pain te d \ middle-coat-] and painted [ fi nishing-Jin this way, about each test 
piece painted tnree quart, map visibility "a NSIC value" was measured using the "map visibility 
measuring device NSIC mold" by Suga Test Instruments Co., Ltd. When blackboard polish glass is 
measured, this equipment is proofread so that a NSIC value may be set to 100. That is, the image clarity 
after paint is evaluated as what is excellent, so that a NSIC value is close to 100. 
[003 1] drawing 4 - an axis of abscissa - a wave filtration center line - a wave Wca (micrometer) - 
taking - an axis of ordinate - a NSIC value - taking - a wave filtration center line - a wave - it is the 
characteristic ray Fig. showing the result investigated about the relation between a Wca value and a 
NSIC value. It became clear from this drawing that a Wca value showed the image clarity after paint 
which became a high NSIC value and was excellent since that percentage reduction was small although 
the NSIC value decreased with the increment in a Wca value in the field 0.8 micrometers or less. On the 
other hand, in the field in which a Wca value exceeds 0 or 8 micrometers, it became clear that it became 
a low NSIC value and was inferior to the image clarity after paint by a NSIC value decreasing with the 
increment in a Wca value since the percentage reduction is large. 
[0032] 

[Effect of the Invention] According to this invention, the galvanized steel sheet which has the 
outstanding press-forming nature can be offered as explained above. For this reason, since it can control 
that coefficient of friction rises and can control that poor shaping, such as die galling, arises even if the 
temperature of metal mold rises, when carrying out press forming of many galvanized steel sheets 
continuously, it is stabilized and fabrication can be continued. Moreover, a galvanized steel sheet very 
useful as members, such as a shell plate excellent not only in press-forming nature but the image clarity 
after paint for automobiles, can be offered. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can. not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The property Fig. showing the result investigated about the relation between center line 
average-of-roughness-height Ra and coefficient of friction. 

[Drawing 2] The characteristic ray Fig. showing the result of having investigated the relation between 
center line average-of-roughness-height Ra and coefficient of friction under 100-degree C heating, about 
the galvanized steel sheet of the front face whose peak count PPI value is 150 or more, and the 
galvanized steel sheet of the front face which is less than 150. 

[Drawing 3] The characteristic ray Fig. showing the result investigated about the relation between the 
wave filtration center line external waviness Wca and a NSIC value. 

[Drawing 4] For (a), (b) is drawing showing measurement of coefficient of friction typically, and 
drawing showing the configuration of jig 2b of (a). 

[Translation done.] 
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